The sensory profile and acceptance of cookies enriched with medicinal herbs mixture "Vitalplant," aimed at body weight regulation and metabolism enhancement, were evaluated. Seven cookies were prepared varying the content of powder and extract mixture (0, 2, 4, and 6 g/100 g flour basis, respectively). The descriptors used by an expert sensory panel (n = 8) that best separated samples were: appearance (shape, uniformity, surface, and color), texture (structure break, firmness, and chewiness), odor, and flavor. Preference mapping was assessed using multidimensional scaling on data obtained through an acceptability test (n = 64) with a 5-point hedonic scale. The hedonic responses showed significant differences (p < 0.05) between the cookies. The first three principal components captured 70.90% of the total variance, indicating the complex structure in consumer preference patterns. External preference mapping showed potential for predicting consumers overall acceptance of the cookies using five descriptive attributes that drove the preference of the six consumer clusters. The vector model was selected as the model of choice for most clusters. The addition of medicinal herbs in cookies is feasible, based on the sensory results, which may facilitate marketing of functional food with sensorial qualities equivalent to conventional products.
Introduction
Medicinal herbs that contain bioactive compounds with therapeutic properties have been widely studied and commercialized worldwide. [1] The majority of these studies focus on organic compounds with diverse functions in the body. Given that their consumption is increasing, it is interesting to use these herbs as a supplement in food because these plants can present a significant source of biologically active substances including antioxidants, antimutagens, and anticarcinogens.- [2, 3] The antioxidant and antimicrobial activity of mixed ethanolic extracts of parsley, buckthorn, mint, caraway, was confirmed by previous studies.
[ [4] [5] [6] With respect to the obtained results, the "Vitalplant" mixture was created using a selection of non-toxic medicinal plants with proven pharmacological action with the aim to stimulate metabolism and regulate body weight. [7] It is composed of Rhamnus Frangula L. bark (35%), Petroselinum crispum (Mill.) A.W. Nym. ex Hill fruit (25%), Mentha x piperita L. leaves (20%), and Carum Carvi L. fruit (20%). [7, 8] Moreover, "Vitalplant" plant mixture, in the form of powder and extract can be considered not only as functional, but also as sensory quality ingredient.
Cookies are widely consumed throughout the world and they represent the largest category of confectionary products. [9] Development of new foodstuff by adding functional components to a carrier food, such as cookies, provides better marketing opportunities for food manufacturers. [10] It is known that some carrier products, relative to the type of enrichment, may have an impact on consumers' acceptance and willingness to try different functional foods. At the same time, the addition of functional components can contribute to deterioration of sensory quality and thereby reduce consumers' preferences. [11] Several authors [12] [13] [14] [15] [16] [17] [18] reported that consumers are hardly willing to compromise on the taste of functional foods for eventual health benefits. However, consumer preference responses are usually heterogeneous, [19] and averaged consumer data may not be representative of any individual opinion. Thus, the awareness of inter-individual differences in preference behaviour gives rise to an increasing popularity of consumer segmentation. [20] Although the human sensory system is quite sensitive, consumers often find it difficult to explain the slight differences between products. [21] By integrating consumer response with the sensory data, more directional information may be acquired. [22] For these reasons, preference mapping is a useful tool to accomplish integration between consumer responses and descriptive data. Information for each consumer individually is presented within a multidimensional space, representing the products evaluated. [23] The internal preference mapping (IPM) is based on a principal component analysis (PCA) implemented on preference data with the products as observations, and the consumers as variables. The data ratings are given by the consumers for each product. This approach allows generating a map on which one can identify the consumers or groups of consumers' preferences represented as vectors. [24, 25] The external preference mapping (EPM) allows relating the preferences shown by the consumers to some sensory or physicochemical properties of the products. This approach is essential as it gives a reliable basis to the marketing and research and development teams for adapting or creating products that will correspond to the consumers' expectations. [23, [25] [26] [27] [28] [29] [30] [31] [32] In order to recognize consumers acceptance of the cookies enriched with a digestion stimulating medical herbs mixture "Vitalplant," three fields were explored with the aim to evaluate sensory profile, to identify the cookies related to preference, and to pinpoint external influences connected to the consumers perceptions of the cookies.
Materials and Methods

Materials
According to Pestorić et al., [33] seven cookie samples were prepared varying the content of powder and extract "Vitalplant" mixture used: 2, 4, and 6 g/100 g flour basis, respectively. The ingredients were weighed in the proportions listed in Table 1 .
Preparation of Extracts and Cookies
As previously described by Šimurina et al. [8] and Pestorić et al., [33] the baking trials were conducted under laboratory conditions in duplicates. The final cookie products can be seen in Figs. 1 and 2. 
Sensory Evaluation
Seven cookie samples were evaluated by a panel consisted eight assessors (seven females and one male, from the ages of 34-45) with necessary knowledge and experience in sensory descriptive analysis, which included techniques and practice in attribute identification and terminology development (University of Novi Sad, Institute of Food Technology, Serbia). Before evaluation, the panel went through three training sessions to select relevant sensory attributes. Each session lasted for 2 h and included various commercial cookies as well as some of the actual samples from the project. The panel developed a list of attributes and evaluated the samples using a 5-point method ( Table 2 ). The score method was appropriate because the quality levels were precisely defined. The differences between scores were not too great, but they were high enough for the assessors to distinguish them. In order to obtain the overall quality, prior to sensory evaluation importance coefficients (ICs) for each sensory attribute were standardized and fixed by the experts. ICs were balanced that their sum equals to 5.0, similar to what has been described previously by other authors. [34] [35] [36] The obtained marks were multiplied by following: IC = 0.8 for appearance (AP); IC = 1.2 for structure, break and firmness (ST); IC = 1.0 for chewiness and other textural properties (CW); IC = 0.8 for odor (O); and IC = 1.2 for flavor (F). Two replicates of each test sample were conducted in sensory laboratories which fulfilled requirements of ISO 8589. [37] A whole cookie sample was served in a plastic container with lid, coded with random three-digit numbers and presented individually to the assessors in a randomized order according to the XLSTAT software (Addinsoft, New York, NY). A 2 min rest period was provided between the evaluations of each sample. Warmish water was used for rinsing the palate.
Consumer Test
Sixty-four consumers, who were selected from the staff of the Institute of Food Technology, participated in the acceptance test. Gender of participants was balanced, being 54% female and 46% male, and ages ranging from 18-60 years old. Consumers were selected on the basis of their availability for the evaluation, interest to participate in the research, absence of aversions, allergies or intolerances, normal perception abilities, and moderate preference toward this kind of product. The test was carried out 24 h and 48 h after baking trials in session between 10 am and 15 pm. Before rating, consumers were given a printed response sheet with instructions.
They rated the degree of liking on a modified version of the five point hedonic scale. [38] The scale was anchored with (1) dislike extremely and (5) like extremely, and with a neutral center point of (3) neither like nor dislike. The cookie samples were served to consumers in an order which used a balanced design. Whole cookies were presented on the plates marked with a three-digit number. Warmish water was available for consumers to drink as they pleased.
Statistical Analysis
Analysis of variance (ANOVA) was conducted to assess significant differences between cookie batches in terms of sensory attributes, considering assessors, samples and their interaction. The mean intensities were then compared by Fisher's least square difference multiple comparison test. A PCA was performed on the sensory data to provide further multivariate graphical presentation of the product space. In addition, a PCA of the correlation matrix of consumers (variables) by cookie products (objects) was carried out. To relate the data from the sensory and consumers' data, the extended IPM was used. [39] All statistical analyses were performed using XLSTAT version 2012.2.02 (Addinsoft, New York, NY; http://www.xlstat.com/), at 5% level of significance.
Results and Discussion
Sensory Evaluation of Cookies
The obtained results from the sensory evaluation are shown in Fig. 3 . The samples presented statistical differences (p < 0.05) on most attributes, suggesting that the assessors were able to detect differences among them. Cookies prepared with different level of both enrichments evaluated significantly higher scores in comparison with the control sample (C). Moreover, cookies with all levels of extract enrichments rated with the highest scores for appearance and texture attributes. As pointed out earlier by Jones, [40] appearance between the conventional confectionery products with different replacement or supplements is very important because it is one of the main sensory attributes which plays a role in sensory acceptance. In this study, appearance (AP) was evaluated, comprehensive with different levels of quality (shape, uniformity, surface, and color). Although it was easy to make the difference between samples in terms of color, the perceived appearance by the expert panel led to clear differences only between the control sample (C) and the samples E_4 and E_6. The same remark could be emphasized for the textural attributes. It was known earlier that the addition of sugar and fat mostly influences the texture changes, but many other ingredients even in small amounts, can cause these changes. [41] With respect to chewiness (CW), the cookie P_4 was evaluated as the worst sample but with relatively higher values of scores (3.91). Considering there was no difference (p > 0.05) among all samples regarding attributes, except the sample P_6, it can be concluded that the addition of "Vitalplant" mixture either in the form of powder or extract at the applied levels did not exert a negative influence on the textural attributes of the cookie products.
According to Pereira et al., [42] the evaluation of the odor and flavor intensity involves the perception which is related to raw materials and the amount of ingredients added in the manufacture process, being also more or less related to other effects, such as toasted, vegetable fat, cereal aromas. In this research, these attributes contributed greatly to the sensory profile of the cookies without producing a negative impact on the odor (O) and flavor (F).
In some cases, sensory evaluation by experts coincided with consumers' expectations, while in others, consumer preferences are driven in different directions. The majority of researchers agreed- [43] [44] [45] that the quality is a multi-dimensional concept and recognizes the importance of the products' sensory attributes experienced by both experts and consumers. The hedonic responses showed significant differences (p < 0.05) between the tested samples. The mean value of the consumers' acceptance was between 3.5 and 4.8. As shown in Fig. 3 , the samples P_2 and E_4 were rated with the highest scores (3.30 and 3.33, respectively), contrary to samples C and E_2 (2.81 and 2.80, respectively). Despite the fact that consumers assigned the higher scores for the samples P_2 and E_4, it could be concluded that consumers were indifferent to these cookie samples. Moreover, it is noteworthy to say that the mean scores fall within the options slightly disliked, don't like, nor dislike, and slightly liked indicating that the product showed potential to sensorial growth, just as it was the case with those obtained by Oliveira et al. [1] This is in accordance with other studies in connection with the assessment of the wine [46] or ham, [47] in which the results showed that experts expressed a higher discriminating sensory ability than consumers. Consequently, it can also be concluded that consumers were likely to use different criteria of quality compared with experts in assessing the cookies.
In order to get a deeper insight and comprehension of both results, the results of both evaluations are shown in Fig. 4 . The weighted mean value (WMV) of the expert panel scores for each evaluated attributes was calculated applying the ICs as a quantitative expression of the total product quality. Because of the experts were highly familiar with this type of product they evaluated the samples in terms of appearance (AP), texture (ST and CW), odor (O), and flavor (F; Fig. 3 ). These attributes clearly drove overall quality as unacceptable (<2.5), good (2.5-3.5), very good (3.5-4.5), and excellent (>4.5). The applied score-based method showed that the best scores (>4.5-excellent quality) were obtained for all cookies enriched with "Vitalplant" extract mixture, except for odor and flavor.
Sensory Map
PCA was performed on the sensory data and the variables measured on the seven cookie samples could be summarized in two main orthogonal components, accounting for 90.47% of the total variance. In Fig. 5 it can be noticed that the relative importance of the two main components can be assessed and the first two principal components accounted for 48.58 and 41.89% of the variance, respectively. The first component (F1) represented mainly the following variables: F, AP, and O, while the second (F2) basically represented textural variables (CW and ST), both in the positive range (Table 3) .
The previously published results of the PCA [48] on the cookie products showed both the relationships of the cookies to each other and the associations among the original descriptive attributes. The plot of the cookie products is offset from the plot of the attributes to aid the visual presentation while maintaining the relative directions and magnitudes. A good relationship between texture and chemical attributes of sensations was shown, and the second dimension was linked to the attributes ST and CW. The opposition between the cookie E_4 and E_6, on one hand, and the cookies E_2 and C, on the other hand, was due to the fact that the first ones were perceived primarily in relation to AP. The positioning of the cookie P_4 can be considered in terms of the chemical attributes (O and F), while the cookie P_6 can be only considered in relation to the textural attributes (ST and CW). One side of the first dimension of variability was likely to be more appreciated by almost all the cookies sample than the other side.
IPM
IPM was performed to visualize the behavior of distinct segments of consumers in such a way that each vector is associated with each consumer and represents increasing acceptance. In the PCA of the consumers' data, the first three principal components captured 70.90% of the total variance (29.94, 22.77 and 18.19, respectively) , indicating the complex structure in consumer preference patterns and the heterogeneity in consumers' acceptance (Fig. 6 ). Consumers were distributed homogenously in all four quadrants along the components. F1 component separated consumers that preferred the cookies E_4 and P_2 from those that liked the cookies E_6 and P_6. From Fig. 6 it can be noticed that F2 component separated consumers that were fonder of the conventional cookie sample C (control sample), while F3 component reflected familiarity with the cookies P_2 and P_6.
EPM
While IPM allows us to obtain a map of the samples, based on the consumers' scoring patterns, it does not provide any information regarding sensory attributes of the products. Unlike IPM, EPM uses products' sensory attributes as a base (PCA space) on which the mean scoring patterns are regressed on. As such, the mean consumer acceptance scores (cluster scores), for each cookie, are modeled as a function of the two main principal components (F1 and F2) using preference mapping (PREFMAP) regression statistical technique contained in XLSTAT software. The clustering of consumers (Agglomerative Hierarchical Clustering) was based on the Euclidian distance between the individual sets of acceptance scores. Table 4 summarizes the mean preference scores across all clusters for every product separately, while the grey cells represent the above mean scores within a column. The obtained contour plot (Fig. 7) shows areas corresponding to predicted percentages of consumers' overall acceptability (PREFMAP), with the cluster mean value as a threshold. Figure 6 . Biplot of consumers' variables and cookie samples in the first three components (abbreviation cues are in Table 1 ).
The PREFMAP results indicate that the vector model was selected as the model of choice for most clusters. Cluster 3 with was the only cluster where the quadratic model was used to explain/predict the preference scores. The vector models for clusters 1, 2 and 5 generated high p-values, which implies a poor explanatory power of these models for the associated cluster scores. Despite the evident lack of fit of the selected models for Clusters 1, 2, and 5, the overall obtained map (Fig. 7) goes relatively well along with the raw data from Table 4 for some products. E_4 and E_6 cookies were perceived as the samples with the highest relative preference scores across clusters. Samples C and E_2 are on the opposite side of the plot (cold dark region), which is also reflected in Table 4 . Cookie P_6 was the most different sample from the sensorial point-of-view. Its different sensory profile provided no a clear ascendant or descendent pattern of preference scores for most consumer clusters. It was also the main reason why the vector models not fitted well the data (cluster 1, 2, and 5). Clusters 2 and 6 showed a clear preference for the cookie P_6. Their vector models, while still not being statistically significant (5%), had a p-value approaching 0.2. The cookie P4 predicted mean score was not well represented in Fig. 7 . It was positioned in a relatively warm area of the plot, where predicted success rate (percentage of cluster mean scores above their own mean score) was between 60-80%, while the actual obtained cluster mean score ratio was less than 20%. Due to poor fit of the vector models the obtained contour plot should not be over-interpreted. Figure 7 . External preference mapping of the consumer clusters and cookies (abbreviation cues are in Table 1 ).
Conclusions
Both applied mixture enhancements, in the form of powder and extract, can be used without adversely affecting the sensory profile of the cookies. In addition, quantitative descriptive analysis separated seven cookie samples by their sensory attributes which may be successfully used for future sensory studies on cookies. The cookies developed in this study presented good acceptance among consumers and possibilities of sensorial growth as well. The combination of cluster analysis and IPM led to a deeper understanding of consumer liking for enriched cookies. The samples differed in their average acceptance scores. An interpretation of the cluster analysis alone, led to the identification of six groups of consumers, and provided a more complex picture than was actually necessary. EPM showed potential for predicting consumers overall acceptance of the enriched cookies using five descriptive attributes which drove the preference of some of the six consumer clusters. Cookies developed with addition of "Vitalplant" herbal mixture provide new market opportunities. The findings of this research could be applied by the biscuit industry in developing novel formulations of enriched cookies able to better meet consumer requirements. The relative weighting given by consumers to the choice of these products, particularly with special health, where confectionery consumption may be higher, would also merit investigation.
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